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ABSTRACT
Obijective

To investigate the relationship between calcidiol (25(0H)D3) concentrations and iron parameters in patients with chronic
kidney disease.

Methods

This is a cross-sectional, descriptive, and quantitative study. The sample consisted of 86 adult patients of both sexes
undergoing dialysis. 25(0H)D3 concentrations were determined by chemiluminescence; food consumption was assessed
using 24-hour recalls, and the serum levels of hemoglobin, iron, ferritin, and transferrin saturation were assessed. Data
analysis was performed using the program Stata, with a significance level of p<0.05.

Results

The results pointed to 25(0H)D3 concentrations compatible with sufficiency, iron levels consistent with normality,
and ferritin and transferrin saturation above the reference values. The consumption of carbohydrates and lipids was
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higher in females. There was no relationship between the adequacy of 25(0H)D3 and the presence of anemia and iron
parameters.

Conclusion

Considering that the mean serum levels of iron and 25(0OH)D3 were adequate, it is suggested that resistance to
erythropoietin and the inflammatory process may have contributed to the percentage of anemic individuals found in
the study.
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RESUMO

Objetivo

Investigar a relacédo entre as concentracoes de calcidiol (25(0OH)D3) e os pardmetros de ferro em pacientes com doenca
renal crénica.

Meétodos

E um estudo transversal, descritivo e quantitativo. A amostra foi composta por 86 pacientes, adultos, de ambos o0s
sexos, em terapia dialitica. As concentragoes de 25(0OH)D3 foram determinadas pelo método de quimioluminescéncia,
o consumo alimentar foi avaliado pela aplicacdo de Recordatorios de 24 horas e foram avaliados os niveis séricos de
hemoglobina, ferro, ferritina e saturacao de transferrina. A anélise dos dados foi realizada no programa Stata, com nivel
de significancia p<0.05.

Resultados

Os resultados apontaram para concentragdes de 25(0OH)D3 compativeis com suficiéncia, niveis de ferro compativeis
com a normalidade e ferritina e saturacdo de transferrina superiores a referéncia. O consumo de carboidratos e lipidios
foi superior no sexo feminino. Nao foi verificada relacdo entre a adequacdo de 25(0OH)D3 e a presenca de anemia e
pardmetros de ferro.

Conclusao

Tendo em vista que os niveis médios séricos de ferro e 25(0OH)D3 estavam adequados, sugere-se que a resisténcia a
eritropoietina e o processo inflamatoério podem ter contribuido para o percentual de anémicos constatado no estudo.

Palavras-chave: Anemia. Colecalciferol. Distirbio mineral e 6sseo na doenca renal crénica. Ferro. Didlise renal.

INTRODUCTION

Chronic Kidney Disease (CKD) is a world health problem [1]. Global estimates of CKD indicate its
prevalence in 14,3% of the general population and 36,1% of risk groups. In Brazil, the estimated prevalence
of CKD in adults is 6,7 %, tripling among those 60 years old or older [2].

Hypovitaminosis D is a growing social problem, affecting a large part of the population of every
ethnicity and age and more than 50% of the healthy population. It is also frequently seen in CKD patients
submitted to dialytic therapy [3]. According to the 2019 Brazilian Dialysis Census, 10,8% of patients
presented serum calcidiol levels (25(0OH)D3) <20 ng/mL, characterizing vitamin D deficiency [4]. This
restriction contributes to the manifestation of relevant metabolic disorders, such as oxidative stress, insulin
resistance, chronic low-grade inflammation, as well as to muscular weakness, and falls. Although low levels
of (25(0OH)D3) occur in both men and women, it is more prevalent among women [5].

The deficiency is associated with high levels of Fibroblast Growth Factor 23 (FGF-23) and Parathormone
(PTH), low bone mineral density, lack of exposure to sunlight, reduced skin synthesis of cholecalciferol
in response to sunlight, reduced intake of foods that are sources of vitamin D, urinary loss of (25(0OH)
D3), and high blood pressure in proteinuric kidney diseases. Also, megalin, a 25(0H)D3-binding protein
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in the proximal tubule, decreases as the Glomerular Filtration Rate (GFR) falls, thus reducing 25(0OH)D3
tubular reabsorption. Moreover, phosphorus retention in the kidneys during the first stages of CKD might
contribute to increasing FGF-23, given the reduced production of calcitriol (1,25(0H)2D,) resulting from the
inhibition of the 1a-hydroxylase enzyme [6,7].

The reduction of the GFR limits the supply of 25(OH)D3 for the 1a-hydroxylase enzyme in the proximal
tubule, limiting the kidney’s ability to produce 1,25(0H)2D.. In the initial stages of CKD, the expression of
the co-receptor FGF-23, aKlotho, progressively decreases with nephron loss. As a compensatory mechanism,
FGF-23 levels increase to 1000 times their normal values, attempting to preserve a neutral distribution
of phosphate and suppressing the production of (1,25(0H)2D,). That, in turn, favors the rise of PTH and
secondary hyperparathyroidism, intensifying the evident hyperphosphatemia as the damaged kidney shows
resistance to FGF-23 [6,8].

Anemia of inflammation, also known as anemia of chronic disease, occurs precociously during CKD.
More expressive in men, it may become unmanageable with the decline of renal function [9]. Its main causes
are the reduction of erythropoietin production, iron deficiency, inflammation, and vitamin D deficiency
[10-12]. Anemia of inflammation may lead to erythropoietin resistance, a common problem associated with
amplified rates of mortality among patients undergoing Hemodialysis Therapy (HD). As renal mass and red
blood cells diminish, the kidneys may not produce sufficient erythropoietin, leading to anemia [13].

Vitamin D may have positive effects in controlling anemia of inflammation, as it stimulates erythroid
progenitor cell proliferation, positively regulating the erythropoietin receptors in these cells, and provokes
the reduction of pro-inflammatory cytokines, avoiding inflammation [14-17]. Decreasing the liberation
of cytokines, vitamin D may increase iron's bioavailability for erythropoiesis and hemoglobin synthesis,
preventing iron sequestration in macrophages, correcting absorption deficiencies, and protecting from
anemia [18,14]. Studies suggest that inadequate concentrations of 25(OH)D3 may hinder the production of
iron in the bone marrow, limiting erythropoiesis.

Given CKD's impact on world mortality and vitamin D’s recognized effect on anemia, the present study
aimed to assess the relationship between 25(0OH)D3 concentrations and iron parameters in CKD patients.

METHODS

This is a cross-sectional, descriptive, and quantitative study with 86 both-sex CKD patients in HD
in Centers for Dialytic Therapy in the city of Teresina, state of Piaui, Brazil. The study was carried out in
accordance with the Declaration of Helsinki's guidelines and the Resolution n°® 466/2012 of the Conselho
Nacional de Saude (National Health Council), and it was approved by the Committee of Ethics and Research
of the Federal University of Piaui under opinion n°® 3.993.938.

The sample size was estimated considering the total number of patients (n=1056) registered in all the
units of hemodialytic treatment in Teresina in 2018. It adopted a confidence interval of 95% and a relative
error of 10%. The resulting sample was 88 patients.

We employed the following criteria of eligibility for the selection of patients: patients diagnosed
with CKD who were in HD therapy for at least three months, with preserved cognitive capacity, ages =18
and <59, not undergoing vitamin D supplementation (confirmed in interviews with the patient), and not
being chronic smokers or drinkers. Out of 89 patients selected, 3 were lost in the course of research, due to
a kidney transplantation surgery, absence at the day of drawing blood, and death. Thus, 86 patients were
considered for the sample.

Samples of 5 mL of blood were collected in the morning from patients who had fasted for at
least 8 hours. The analysis of vitamin D blood concentrations by dosing 25(0H)D3 was determined by
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chemiluminescence. Concentrations of 25(0OH)D3 >30 ng/mL, between 21 and 29 ng/mL, and <20 ng/mL
were considered, respectively, sufficient, insufficient, and deficient, according to the recommendations of
Hollick, Inda and Melamed [19,6].

The patients’ medical records were consulted for information on biochemical exams: hemoglobin,
ferritin, transferrin saturation, and serum iron. The collected information refers to the last monthly blood
draw carried out in the clinics that perform exams with proven periodicity.

Following the criteria of the World Health Organization, anemia was defined as hemoglobin levels
below 13 g/dL for men and 12 g/dL for women, regardless of the CKD stage [20]. Hemoglobin was measured
with the cyanomethemoglobin method, using cyanide-free sodium lauryl sulfate, as recommended by the
International Committee for Standardization in Haematology.

Ferritin was analyzed with the immunoturbidimetric method, with 200 to 500 ng/dL as reference
values [13]. Transferrin saturation (%) was calculated as (iron/TIBC) x 100 and the reference value was
below 20% [13]. The Total Iron-Binding Capacity (TIBC) was calculated as (TIBC (umol/L) = 25,1 x Transferrin
(g/L). The serum iron was determined with the modified Goodwin colorimetric system (Ferrozine), with the
following reference values: 65 to 175 pg/dL in men and from 50 to 170 pg/dL in women [11].

The patients eating habits were assessed with two 24-hour recalls (R24h). The first R24h included
all the patients in the study, and for the second, 40% of the previously selected population was picked
randomly [21]. The consumption of energy, macronutrients, vitamin D, and iron were calculated with
the software Dietbox®. The results were adjusted for intrapersonal and interpersonal variability, avoiding
distortions caused by differences in energy consumption.

To verify the adequation of energy food consumption, macro and micronutrients, we considered
the daily recommendations for HD patients: energy: 35 kcal/kg/day <60 years-old; protein: 1,2 g/kg/day;
carbohydrates: 4 — 6 g/kg/day; lipids: 1 — 1,5 g/kg/day; dietary vitamin D: 10 pyg/day and dietary iron:
8mg/day for men and 15 mg/day for women [22,20,23].

The data were analyzed in the software Stata® version 14 (Stata Corp., College Station, United
States). The Shapiro-Wilk test was applied to check the normality of data. Pearson’s chi-square (y2) or, when
suitable, Fisher's exact test were used to evaluate the categorical variables. The differences in means were
compared among groups with Student’s t-test and ANOVA for parametric variables. For the non-parametric
ones, we used the Mann-Whitney or the Kruskal-Wallis tests. The correlation between 25(0H)D3, the iron
parameters, and eating habits was examined by Pearson’s correlation coefficient. The significance level was
p<0.05.

RESULTS

This study included 86 patients with an average of 42.5 years of age. Among the patients, 49 were
male (57%) and 37 were female (43%). Table 1 introduces the mean values of 25(0H)D3 as consistent with
sufficiency; the average serum iron values were compatible with normality; ferritin and transferrin saturation
were above the reference values. No statistically significant difference was found between the sexes.

Table 2 shows the characteristics of the patients’ diets. Regular food ingestion indicated a high
probability of inadequate consumption of energy, macronutrients, vitamin D, and iron, especially with the
statistically higher average lipid and carbohydrate consumption among females.

Table 3 did not relate 25(0OH)D3 sufficiency with the presence of anemia or iron classification (p>0.05).
Table 4 presents a significant negative correlation between 25(0H)D3 and dietary lipids.
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Table 1 - Distribution of mean serum concentrations of biochemical variables according to the total of patients. Teresina (Pl), Brazil, 2021.

N=86
Variables Male (n=49) Female (n=37) p-value
Means (95%Cl) Means (95%Cl)
Vitamin D (ng/mL)* 41.2 (3.6-45.8) 36.9(33.1-40.7) 0.167
Hemoglobin (g/dL)* 12.2(11.5-12.9) 11.8(11.0-12.7) 0.534
Iron (ug/dL)* 80.2 (69.3-91.2) 69.3 (59.4-79.1) 0.173
Ferritin (ng/dL)¥ 567.5(392.6-742.4) 493.6 (350.9-635.2) 0.947
Transferrin saturation (%)* 32.0(26.6-37.4) 31.8(25.6-38.0) 0.946

Note: "Student’s t test; #Mann-Whitney’s test. Cl: Confidence Interval.

Table 2 — Distribution of mean values and standard deviation of energy, macronutrients, vitamin D, and dietary iron intake. Teresina (Pl), Brazil,

2021.

Total (N=86) Male (n=49) Female (n=37)
Variables p-value

Mean SD Mean SD Mean SD
Energy (kcal/kg/day)* 22.93 9.08 23.32 8.42 22.41 10.0 0.297
Carbohydrates(g/kg/ day)* 2.69 0.75 2.46 073 3.00 0.67 <0.001
Protein (g/kg/ day)” 1.00 0.39 0.96 0.43 1.05 0.34 0.302
Lipids (g/kg/ day)” 0.76 0.25 0.69 0.21 0.86 0.27 0.001
Vitamin D (pg/ day)* 2.0 2.0 23 2.4 1.5 1.2 0.059
Iron (mg/day)* 7.3 2.0 7.2 27 7.4 5.1 0.678

Note: *Student’s t test; #*Mann-Witney test. SD: Standard Deviation.

Table 3 — Relation between 25(0H)D3 concentrations and the presence of anemia and serum iron. Teresina (Pl), Brazil, 2021.

25(0OH)D3
Variables Total Sufficient Insuf/Deficient p-value
n % n % n %
Anemia 0.644
Absence 32 37.2 24 38.7 8 333
Presence 54 613 38 613 16 66.7
Serum iron 0.246
Deficient 29 34.5 23 383 6 25.0
Normal 55 65.5 37 61.7 18 75.5

Note: <Pearson’s Chi-square.

Table 4 — Simple linear correlation between 25(0H)D3, iron parameters, and eating habits. Teresina (PI), Brazil, 2021.

Variables Coefficient of correlation p-value
Hemoglobin (g/dL) -0.1148 0.292
Serum iron (ug/dL) -0.0692 0.531
Ferritin (ng/dL) 0.0713 0.513
Transferrin sat. (%) -0.0977 0.397
Energy (kcal) 0.0345 0.752
Carbohydrates (g) 0.2014 0.063
Protein (g) -0.0311 0.776
Lipids (g) -0.2197 0.042
Vitamin D (mcg) 0.1720 0.113
Iron (mg) 0.0050 0.963

Note: >Pearson’s correlation test.
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DISCUSSION

Although the sample included patients in stages 4 and 5 of CKD (data not shown), in which
the patient displays low vitamin D concentration and dialytic therapy is required, most studied subjects
presented sufficient values of 25(0OH)D3. Many factors may influence 25(0H)D3 concentrations, such as
race, skin pigmentation, age, season, latitude, climate conditions, eating habits, and exposure to sunlight.
The city where the study was carried out has warm and sunny weather for the entire year, which presumably
means high sun exposure and vitamin D endogenous biosynthesis through the skin, possibly justifying the
concentration of 25(0H)D3 found in patients. Similarly, another recent study in the same region, Marreiro
et al. [24], found predominantly adequate concentrations of 25(OH)D3 in the studied sample.

Differently from the present study, the literature shows a high prevalence of hypovitaminosis D
among CKD patients with renal function decrease. Subih et al. [25] confirmed the prevalence of inadequate
25(0OH)D3 levels in HD patients, with concentrations <30 ng/mL before the study began. Chen et al. [26]
found that 80% of patients had insufficient vitamin D levels (25(0OH)D3 < 30 ng/mL) and 11.6% had severe
deficiency (25(0OH)D3 <10 ng/mL).

The results show elevated mean values of ferritin and transferrin saturation, compatible with the
results of Signori et al. [27]. As ferritin is an acute-phase protein, its high levels may be related to the
underlying disease and its inherent inflammatory process. Elevated transferrin saturation may suggest high
iron levels in the body, a parameter of iron availability for erythropoiesis. In fact, some patients received
occasional iron and erythropoietin supplementation, following medical advice.

Male patients predominated in the study, as supported by many studies pointing out that women
postpone therapy due to the slow progression of the disease or die before starting dialysis. Female patients’
lives are usually more affected by the disease during treatment, as they tend to have more associated
symptoms [28-30].

The mean values of hemoglobin, serum iron, ferritin, and transferrin saturation were inferior in
women, without significant differences. We observed that 43% of the women in the sample had been
diagnosed with anemia because of hemoglobin levels. Usually, hemoglobin levels remain lower among
women in all stages of CKD, requiring more erythropoietin [28]. Iron and blood loss during menstrual
periods may contribute to anemia.

In this study, the mean 25(OH)D3 concentrations were inferior in women, although the difference
between the sexes was not significant. The literature broadly recognizes consistently low levels of 25(OH)D3
in the population with CKD. Nevertheless, some studies have found that the deficiency is more pronounced
in women and as age progresses [31,32]. For instance, in a study of 25(OH)D3 concentrations with
Palestinian HD patients, Nazzal [33] found that women presented lower 25(0OH)D3 levels, supporting the
present investigation’s results.

The dietary intake of vitamin D was below the recommendations in both sexes, without significant
differences [34]. However, as this form of ingestion only accounts for 10% to 20% of the total vitamin D
absorbed in the organism, it is not decisive to justify 25(OH)D3 values [35]. Moreover, the results of the
correlational analysis did not show statistically significant associations between dietary vitamin D and its
serum concentrations. A diversified diet generally does not supply large quantities of vitamin D, and food
fortification is modest. In this context, the largely inadequate levels of dietary vitamin D found may reflect
the insufficient consumption of food items that contain it, such as fish, dairy, eggs, salmon, tuna, and liver
[36]. It is worth pointing out that another study, Lee et al. [37], investigated the factors determining the
increase of 25(0OH)D3 in HD patients, including dietary intake. The average dietary intake of vitamin D was
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found to be below the recommended 3,25 pg/day for men and 2,47 pg/day for women, and no association
was found with its serum concentrations.

As for the patients’ food intake, we found a good probability of inadequate caloric and
macronutrient intake, suggesting that the present sample did not follow the specific dietary guidelines
for HD patients. This may be justified by self-imposed diet restrictions, reduced sense of hunger,
associated comorbidities, the effects of drug interactions, uremia, and endocrine and metabolic
alterations that accompany the disease, making the nutritional goals hard to attain, as Gebretsadik and
Shahar also state [38,39].

The statistical superiority of the dietary consumption of carbohydrates and lipids in females may be
explained by having more meals a day and presenting increased consumption of bread, rice, and pasta,
canned and industrialized foods, as well as meats, compared to males. It may also be related to women's
higher probability of adapting to the effects of uremia.

Marreiro et al. [24] observed that the habitual dietary intake tended to be inadequate in terms of
energy and lipids. On the other hand, protein consumption was found adequate, given that these patients’
protein needs are enlarged by the losses during dialysis.

Patients’ habitual diets revealed a low consumption of red meats, fish, poultry, and offal, thus were
low in heme iron. Other dietary components found could interfere in the bioavailability of minerals — specifically,
having a fiber-rich diet increases the availability of oxalates, phosphates, phytates, tannins, and polyphenols
that inhibit iron, compromising its effective use in the organism [40].

The association between the presence of anemia and 25(0OH)D3 concentrations was not evidenced in
the present study. However, a trend was distinguished, as among the anemic patients, 66,7 % presented
insufficient/deficiency of 25(0OH)D3. From this perspective, Sim et al. [18] found that 49% of the
patients with insufficient concentrations of 25(0H)D3 had anemia, while 36% of those with adequate
concentrations did.

Against the results of the present study, Lépez-Ramiro et al. [16] showed a strong and independent
correlation between 25(0OH)D3 concentrations and the levels of hemoglobin, serum iron, transferrin
saturation, and ferritin. Also, the findings of Patel et al. [41] and Madar et al. [42] showed that low
concentrations of 25(0OH)D3 and 1,25(0H)2D3 were independently associated with reduced hemoglobin
and the development of anemia.

The lack of association between the adequacy of 25(0H)D3 and anemia in this study may be explained
by a damaged production of erythropoietin as CKD progresses and by the coexistence of other chronic
diseases. As an inflammatory condition, the direct action of pro-inflammatory cytokines is presumably able
to inhibit erythropoietin expression, thus hindering the expression and regulation of specific transcription
factors involved in controlling erythrocyte differentiation [43,11].

The study has some limitations worth pointing out. First, as a cross-sectional study without a control
group of healthy people, it presents difficulties in noting causes and effects. Although it employed different
strategies present in the literature to ensure a trustworthy evaluation of the patients’ eating habits, the
bias created by subjects self-reporting their intake persists. The reduced expression of pro-inflammatory
cytokines is the proposed mechanism through which vitamin D may affect erythropoiesis. However, in our
study, it was not possible to evaluate the concentrations of pro-inflammatory cytokines, which is another
limitation.

Given the complexity of the mechanisms involved in the interaction of 25(OH)D3 with the parameters
of the iron state, this study is important to guide professionals and patients with CKD. It also shows the
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importance of diversifying the dietary intake with foods rich in iron and vitamin D, avoiding self-imposed
and unnecessary restrictions, as well as having clear behavioral guidelines that prioritize adequate sun
exposure.

CONCLUSION

We did not find a relation between adequate levels of 25(0OH)D3 and anemia. As the mean values
of serum iron and vitamin D were adequate or compatible with sufficiency, we suggest that augmented
resistance to erythropoietin and inflammatory processes may have contributed to the substantial percentage
patients with anemia in the study.
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